We study the behaviour of a flexible polymer chain in the presence of a low-molecular weight solvent in the vicinity of a liquid-gas critical point within the framework of a self-consistent field theory. The total free energy of the dilute polymer solution is expressed as a function of the radius of gyration of the polymer and the average solvent number density within the gyration volume at the level of the mean-field approximation. Varying the strength of attraction between polymer and solvent we show that two qualitatively different regimes occur at the liquid-gas critical point.
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In case of weak polymer-solvent interactions the polymer chain is in a globular state.
Whereas, in case of strong polymer-solvent interactions the polymer chain attains an expanded conformation. We discuss the influence of the critical solvent density fluctuations on the polymer conformation. The reported effect could be used to excert control of the polymer conformation by changing the thermodynamic state of the solvent. It could also be helpful to estimate the solvent density within the gyration volume of the polymer for drug delivery and molecular imprinting applications. Simmons and Sanchez 4 published a scaled particle theory for the coil-globule transition of a chain of attractive hard spheres in an attractive hard sphere solvent. As was shown by the authors, in the vicinity of the solvent critical point only the collapse of the polymer chain takes place but not its expansion. In the framework of theory of Simmons and Sanchez the effect of solvent density renormalization near the polymer chain was taken into account but the effect of critical solvent density fluctuations was missing. The same result was obtained by Erukhimovich 5 in the framework of the field-theoretical approach at the level of Ginzburg-Landau theory. It should be noted, that the effect of renormalisation of the solvent density near the polymer backbone within the theory of Erukhimovich was also absent. Sumi and co-authors 2 employing a classical density functional theory showed that on approaching the liquid-vapor critical point along the critical isochore, the polymer chain can undergo collapse at a so-called crossover temperature which is slightly higher than critical temperature. Subsequently, below the crossover temperature near the critical point a very dramatic expansion of the polymer chain takes place. It was concluded that the dramatic expansion of the polymer chain is related to the so-called solvent mediated interactions arising from strong solvent density fluctuations 17 .
Despite the evident success in rationalising the conformational behavior of the polymer chain in the critical solvent, clear understanding of the different conformational regimes has still not been reached. How does the globular or coiled state conformation of the polymer depend on the microscopic polymer-solvent interaction parameters in a critical solvent?
Addressing this question we develop a simple analytical self-consistent field theory of an isolated polymer chain immersed in a low-molecular weight solvent.
The presented theory takes into account simultaneously two effects:
• effect of solvent density renormalisation near the polymer chain due to polymer-solvent interactions;
• indirect solvent mediated monomer-monomer attractive interaction due to solvent density fluctuations near the critical point (so-called quasi-Casimir forces).
The presented study is based on the formalism, developed in our previous works 11, 12 . We investigate the conformational behavior of the polymer chain approaching the critical point of the solvent along the critical isochore. In the case of a weak polymer-solvent attraction at the liquid-gas critical point the polymer chain is in a globular state. When the polymersolvent attraction exceeds a threshold value the polymer undergoes a dramatic expansion at the critical point.
II. THEORY
We consider an isolated polymer chain immersed in a low-molecular weight solvent at a specified number density ρ and temperature T . As in our previous works 11, 12 we assume for convenience that the volume of the system consists of two parts: the gyration volume containing predominantly monomers of the polymer chain and the bulk solution. Our aim is to study the conformational behavior of a polymer chain in the vicinity of the solvent liquid-gas critical point as a function of the polymer-solvent interaction strength.
We consider the theory at the level of the mean-field approximation, however, taking into account the solvent density fluctuation effect on the monomer-monomer interaction. We describe the thermodynamics of the bulk solution by the Van-der-Waals equation of state and use a Flory-type expression for the polymer free energy 14, 15 .
Our choice is motivated by the fact that the Flory-type theory and the Van-der-Waals equation of state are well known and widely used in physical chemistry and its different applications.
In order to solve of the posed problem, we start from an appropriate thermodynamic potential of a dilute polymer solution which can be expressed in the following form
where R g is a radius of gyration of the polymer chain, N s is the number of solvent molecules within the gyration volume V g = 4πR 3 g /3, µ is the chemical potential of the solvent, and P is the pressure of the bulk solution. The polymer free energy in the framework of the mean-field approximation takes the form:
where
is the Van-der-Waals volume of monomers (σ m denotes the monomer's effective diameter),
is the Van-der-Waals attraction parameter of monomers, m is an energetic parameter of the monomer-monomer attraction, α = R g /R 0g denotes the expansion factor, R within a mean-field approximation can be expressed in the following form:
where v s = 2πσ 
and
where ρ is a number density of the solvent in the bulk solution. The expression (8) is a well known Van-der-Waals equation of state. We assume that gyration volume is sufficiently large, so that surface layer does not contribute into free energy of the solution.
The equilibrium values N s and R g are determined from the minimum conditions of the thermodynamic potential Φ, i.e. from the equations
Substituting (1) into the equations (9) and using the expressions (2) and (4) we arrive at the following system of coupled equations
where we have introduced the solvent number density in the gyration volume ρ s = N s /V g , the excess chemical potentials of the solvent µ ex,g , µ ex,b in the gyration volume and in the bulk solution, respectively, and the inverse temperature β = 1/k B T . The solvent pressure in the gyration volume P g is given by the following expression:
The value B determines the influence of the solvent density fluctuations on the value of radius of gyration and has the following form:
The excess chemical potential of the solvent in the gyration volume can be obtained by the following relation
The first and second terms in the expression (14) determine the mean-field contribution to the excess chemical potential of the exluded volume and the attraction interactions, respectively. The third term determines the contribution of the solvent density fluctuations to the gyration volume.
III. NUMERICAL RESULTS AND DISCUSSIONS
For convenience within the numerical calculations we introduce dimensionless densities ρ s = ρ s v s andρ = ρv s , and dimensionless interaction parameters s = σ m /σ s , t = m / s , u = ms / s . Using these definitions we rewrite the equations (10-11) in the following form is a dimensionless Kuhn length of the segment. Moreover, we have introduced the dimensionless pressuresP = P v s / s and
Turning to the numerical analysis of the system of equations (15-16) Fig. 2 shows the expansion factor α c = α(ρ c ,T c ) at the critical point as a function of u for different s. In the case of a weak polymer-solvent attraction (small u), the expansion factor α in the vicinity of the liquid-gas critical point is effectively constant and does not depend on u. However, when the parameter u exceeds a certain threshold value the expansion factor monotonically increases.
Such nontrivial behavior of the expansion factor is related to the fact that at weak polymersolvent interaction (small u) polymer is "solvophobic". In this case the local number density of solvent near the polymer chain is much less than the number density in the bulk solution (ρ s ρ), so that the polymer collapses due to the pressure difference between the gyration volume and the bulk solution.
In It is instructive to regard the conformational behavior of the polymer chain for strong polymer-solvent attraction in a region above the critical point. Particulary relevant is the case when the temperature is increased along an isobar since this is an often realised situation in experiments.
As shown in Fig. 3 , the expansion factor with increasing temperature T first monotonically decreases, attaining a local minimum, and then monotonically increases. It should be emphasised, that the observed minimum of expansion factor is most pronounced at the critical isobar, where the fluctuations of solvent density are largest. Such behaviour of the expansion factor is in qualitatively agreement with results of Monte Carlo computer simulations reported in reference 28 . 
IV. CONCLUSION
Employing a previously published 11, 12 self-consisted field theory, incorporating a local solvent density renormalisation near the polymer chain and the effect of solvent mediated fluctuation interaction monomer-monomer we have described the conformational changes of a single polymer chain in critical and supercrital low molecular weight solvent. Two qualitatively different regimes were found depending on the attraction strength between the polymer and the solvent. When the polymer-solvent attraction is weak progressing along the critical isochore the polymer undergoes a collapse to a globular state at the liquid-gas critical point. In contrast when the polymer-solvent attraction is strong the polymer first collapses, attaing a minimum at higher than the critical temperature and strongly expands to a coiled conformation at the critical temparature. These effects are caused by the critical fluctuations of the solvent density in the vicinity of the liquid-gas critical point.
Previously reported results on conformational changes of a polymer chain have shown two qualitative different regimes of the polymer chain -collapse of the polymer has been 
